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Abstract

Background: Identifying effective factors in the success rate of assisted reproductive technologies
can be a promising step. This study examined the effects of changes in endometrial thickness
and vascularity following administration of progesterone on pregnancy rates in women who
underwent frozen-thawed euploid blastocyst transfer cycles.

Methods: Overall, 200 infertile women underwent in vitro fertilization (IVF) to treat infertility.
All patients received estrogen, and 10 days after the start of estrogen, if the thickness of the
endometrium was more than 7 mm, progesterone was started for the patient. A transvaginal
ultrasound was performed on the day of starting progesterone, and the thickness of the
endometrium and endometrial view, presence of blood flow in zone Ill of the endometrium,
and uterine artery pulsed Doppler indices were evaluated. The second time of ultrasound was
performed 3 days after the initiation of progesterone, and the same parameters were checked on
the day of transfer of the cleavage embryo. Eight weeks after the transfer of the embryo, a beta-
human chorionic gonadotropin test and ultrasound were conducted to check the pregnancy and
the presence of a fetal heartbeat.

Results: Endometrial thickness significantly decreased after progesterone administration, but
it was considerably thicker in the pregnant group than in the non-pregnant. After receiving
progesterone therapy, noticeable differences were observed in the appearance of the
endometrium and the distribution of vascularity in zone Ill across the groups.

Conclusion: Endometrial thickness, view, and zone Il vascularity were associated with IVF
success rate, but there were no significant changes regarding Doppler indices. Whatever change
in Doppler indices that occurs after progesterone administration has no significant effect on
embryo transfer success rate.
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Introduction

throughout the menstrual cycle, such as growth,

Infertility is the absence of unprotected fertility after one
year of intercourse and is observed in approximately 14%
of couples. Today, there are many methods used to treat
infertility patients depending on the cause of infertility.
However, the success rate of this process varies according
to different factors and conditions. Determining the
effectiveness of this fertility process in its success will be a
suitable step in treating these patients as well as possible.!

The endometrium is a unique, active, and hormone-
responsive tissue that experiences recurring alterations

differentiation, damage, and regrowth. These alterations
are controlled by hormones such as estrogen and
progesterone and are aimed at enabling implantation to
occur within the brief “implantation window” phase of
the menstrual cycle. Therefore, endometrium receptivity
is mandatory for successful implantation, even in natural
pregnancy or fertility trials.>® A limitation of using
assisted reproductive technology (ART) to treat infertility
is the low implantation rate despite good embryo quality.
In other words, the success rate of ectopic fertilization
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depends not only on the quality of the ovum and sperm
but also on the acceptance of the endometrium.*

Many studies have investigated the effect of endometrial
thickness on pregnancy success rate in infertile women
who are treated with ART. At the same time, the results
are also contradictory. Although some studies point
out that the hope of pregnancy with ART is affected by
endometrial thickness, other studies have not found
a relationship between endometrial thickness and the
success rate of these methods.>*

In addition to endometrial thickness, endometrial
blood flow is another sonographic parameter that is being
evaluated more. To increase the beneficial endometrial
interactions of the fetus, the endometrium should
become thicker and more vascularized. Blood flow of
the endometrium reflects uterine receptivity because the
endometrium is the place of embryo implantation. Studies
have been conducted to evaluate the receptivity of the
endometrium in endometrial and subendometrial blood
sources, especially during intrauterine insemination and
in vitro fertilization-embryo transfer cycles.” The results
of these studies indicate that the presence of endometrial
blood flow on the color Doppler examination may be a
sign of improved pregnancy results, but all these studies
evaluated the endometrium in the proliferative or
estrogen phase rather than examining the endometrium
in the luteal phase and after receiving progesterone.®

Most previous studies investigated endometrial
thickness on days 10-12 of the proliferative or estrogen
phase (the cycle in which new embryos are transferred)
and before progesterone injection. Only a few studies
have measured the endometrial thickness in the luteal
phase or at the time of progesterone initiation of embryo
transfer and evaluated its relationship with the pregnancy
success rate, the results of which are controversial.>*1

It has been shown that uterine artery blood flow
velocity has an increasing trend between the early
follicular phase and during implantation." Endometrial
receptivity is controlled by uterine perfusion; therefore,
uterine blood disruption may lead to implantation failure
in infertile patients undergoing in vitro fertilization
(IVF) procedures.’*® Previous studies have shown
that an increased pulsatility index (PI) of the uterine
artery is associated with a lower fertilization rate during
IVE cycles."* However, most studies in patients with
implantation failure have investigated uterine perfusion
during the follicular phase, while little information is
available on the luteal phase.

As mentioned, there are limited and conflicting studies
on the grayscale and Doppler endometrial changes after
progesterone administration. In addition, in our infertility
department, routine ultrasound was performed on the day
of starting progesterone and the day of embryo transfer
for patients undergoing IVF. Accordingly, it was decided
to evaluate the effect of progesterone administration on
endometrial thickness and vascularity and its relationship
with pregnancy success in frozen embryo transfer (FET)

cycles.

Methods

Study Population

This study was conducted on 200 patients between
February 2021 and February 2023 at Al-Zahra hospital
of Tabriz University of Medical Sciences, which
was approved by the Research Ethics Committee of
Tabriz University of Medical Sciences (IR:.TBZMED.
REC.1401.139). All participants signed a written consent
form for participation in the project. The study was
performed in accordance with national guidelines and
regulations and the Declaration of Helsinki.

Eligibility Criteria

The inclusion criteria were infertile women aged between
20 and 40 years, women undergoing IVF for the first or
second time, women with a body mass index less than
30 kg/m?, and those who provided informed consent to
participate in the study. However, women above the age
of 40 years or those who had a history of endometriosis,
endometrial polyps, submucosal uterine leiomyoma, or
adenomyosis, as well as women who used donated ovum
or embryo, were excluded from the study. Individuals
whose endometrial thickness was less than 7 mm on days
9-10 were excluded as well.

Study Implementation Method
All participants were prescribed a standardized hormone
protocol for endometrial preparation. This involved
starting with 2 mg of estradiol tablets per day from the
first day of the menstrual cycle, followed by an increase to
two tablets of estradiol 2 mg for three days and then three
tablets of estradiol 2 mg daily until days 9-10 when the
patient underwent transvaginal ultrasound. Progesterone
treatment was initiated if the endometrial thickness
was>7 mm. If the thickness was<7 mm, the patient
continued to receive estrogen (in the form of pills or
vaginal cream) and underwent serial vaginal ultrasound
examinations until the thickness reached at least 7 mm.

To administer progesterone, 75 mg of progesterone was
administered intramuscularly on the first day, followed
by an intramuscular injection of 100 mg of progesterone
for two days. On the day of embryo transfer, the patient
was referred for transvaginal ultrasound. After ultrasound
and data recording, two to three cleavage-stage embryos
(i.e., embryos frozen on the third day of development)
were transferred to the uterus after warming. A 4-9 MHz
vaginal probe of the GE E6 ultrasound machine was used
for transvaginal ultrasound by an expert radiologist.
A midsagittal section of the uterus was obtained to
visualize the cervix in the field. The greatest distance in
the endometrial-myometrial junction at the anterior
and posterior walls of the uterus was recorded as the
endometrial thickness.

An Applebaum uterine scoring system was utilized
to assess endometrial vascularity. The endometrial
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and periendometrial regions were categorized into
four zones (zone I: a 2-mm thick area surrounding the
hyperechoic outer layer of the endometrium, zone II: the
outer endometrial hyperechoic layer, zone III: the inner
endometrial hypoechoic layer, and zone IV: the cavity of
the endometrium).'® Based on the results of the ultrasound
examination, the distribution of vascularity in zone III of
the endometrium, which is known as the functional layer
of the endometrium, was determined for each patient and
recorded on the checklist.

With women lying in a supine position, Doppler
ultrasound was performed using the same 4-9 MHz
vaginal probe of the GE E6 ultrasound machine. After
finding the external iliac artery and the uterine artery
medial to it, waveforms of flow velocity were obtained
from each uterine artery near the external iliac artery
before branching of the uterine artery, as described
previously.’® Right uterine artery resistance index, left
uterine artery resistance index (LURI), right uterine
artery PI (RUPI), and left uterine artery PI (LUPI) were
measured using the automated method.

To determine the success of pregnancy after embryo
transfer, patients were divided according to whether
they had a positive beta human chorionic gonadotropin
(BhCQG) test or fetal heart rate in the ultrasound of the
fetus (Figure 1).

Statistical Analysis

We used the Statistical Package for Social Sciences
Statistics, version 23 (IBM, NY, USA) for data analysis.
Continuous and categorical variables were reported as
means +standard deviations, as well as numbers and
percentages, respectively. Independent samples ¢ tests and
chi-square tests were used to compare quantitative and
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qualitative variables, respectively. In addition, Fisher’s
exact test was utilized, if applicable. A P value less than
0.05 was considered to indicate statistical significance.

Results

Patients’ Demographic Data

In general, 200 infertile women undergoing FET
were included in this study (81 and 119 people with
positive- and negative-pregnancy results, respectively).
Pregnancy-positive patients were significantly younger
than pregnancy-negative patients (P=0.005). There were
no significant differences in the duration of infertility
(P=0.54) or the number of IVF attempts (P=0.44)
between the groups (P=0.005, Table 1).

Endometrial Thickness

The overall endometrial thickness significantly decreased
after progesterone administration (before progesterone
administration: 9.66+1.69 mm vs. 8.86+1.76 mm after
progesterone administration, P<0.001). In addition, there
were significant changes in endometrial thickness before
progesterone administration between the pregnant and
nonpregnant groups (10.11+1.97 mm and 9.36+1.39
mm, respectively, P=0.004). Endometrial thickness was
still significantly greater in the pregnant group (9.26 +1.94
mm) than in the nonpregnant group (8.59+1.58 mm)
after progesterone administration (P=0.011, Figure 2).

Endometrial Views

Before progesterone administration, 13 patients had
an endometrium without layers, 30 had three unclear
layers, and 157 had three clear layers. After progesterone
administration, the endometrium consisted of 106, 38,
and 56 without layers, three unclear layers, and three clear
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Figure 1. Diagram Summarizing the Study Design
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Table 1. Baseline Characteristics of Total Participants Based on Pregnancy Outcome

Variable Total Pregnant Non-pregnant P Value

Age (y) 34.75+5.93 33.40+£4.90 35.67+6.40 0.005

Duration of infertility (y) 6.71+4.29 4.22+0.47 6.86+4.36 0.536
Once 63 28 35

Number of previous IVF attempts 0.441
Twice 137 53 84

Note. IVF: In vitro fertilization. The values are presented as means +standard deviations.

D 6.40mm

Figure 2. Endometrial Thickness and View Before (A) and After (B) Progesterone Administration Showing a Decrease in Thickness and Changing From a Clear
Three-Layer View Containing a Central Hyperechoic Line Surrounded by Two Hypoechoic Layers to an Endometrium Without Distinguishable Layers

layers, respectively (P <0.001, Figure 2).

Comparing the appearance of the endometrium before
the administration of progesterone in the two groups, in
the positive group, 9 were without layers, 14 had three
unclear layers, and 58 had three clear layers, and in
the negative group, 4 were without layers, 16 had three
unclear layers, and 99 had three clear layers (P=0.056).

Based on the comparison results regarding the
appearance of the endometrium after the administration
of progesterone in the two groups, in the positive group,
33 were without layers, 9 had three unclear layers, and 39
had three clear layers. In addition, in the negative group,
67 were without layers, 29 had three unclear layers, and 23
had three clear layers (P=0.002).

Endometrial Zone III Vascularity

According to the comparison results related to zone III
vascularity distribution in patients before progesterone
administration, multifocal distribution was observed
in 166 patients, and sparse distribution was found in
34, After administration, multifocal distribution and
sparse distribution were detected in 111 and 89 patients,
respectively (P=0.001).

As regards zone III vascularity distribution before
progesterone administration in the positive pregnancy
group, multifocal distribution and sparse distribution
were found in 76 and 5 patients, respectively. In the
negative pregnancy group, multifocal distribution was
observed in 90 patients, and sparse distribution was
detected in 29 patients (P=0.001).

Concerning zone III vascularity distribution after
progesterone administration in the positive pregnancy
group, both types of distribution were found in 56
(multifocal distribution) and 25 (sparse distribution)
patients, respectively. In the negative pregnancy group,
multifocal distribution and sparse distribution were
observed in 55 and 64 patients, respectively (P=0.001,
Figure 3).

Uterine Artery Doppler Ultrasound

The calculation software in the ultrasound machine preset
was used to measure the PI and resistance index (RI)
of the uterine arteries. They were computed using peak
systolic velocity (PSV) and end-diastolic velocity (EDV)
with the following equations:

PI=PSV-EDV/mean maximum flow velocity, RI=PSV-
EDV/PSV

The results regarding this parameter are provided
in Table 2. There was no significant difference in right
uterine artery RI values after progesterone administration.
This value was significantly lower in women who had
a successful pregnancy before the administration of
progesterone than in women who had an unsuccessful
pregnancy, but this difference was not significant
after its administration. In the LURI examination, no
significant difference was found in the LURI values after
progesterone administration. This value was significantly
lower in women who had a successful pregnancy before
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Figure 3. Endometrial Zone IIl Vascularity Distribution Before (A) and After (B) Progesterone 9 Administration Demonstrating a Decrease in Multi-focal
Distribution and the Sparse Vascularity Being 10 More Prominent

Table 2. Results of Doppler Ultrasound of the Uterine Arteries Before and
After Progesterone Administration Among Total Participants Based on
Pregnancy Outcome

Before After P Value

Total 0.98+0.85 0.88+0.19 0.1052

Pregnant 0.80+0.06 0.86+0.09 <0.0001
RURI

Non-pregnant 1.00+0.09 0.9+£0.23 <0.0001

P value <0.0001 0.138

Total 1.00+0.83 0.94+0.36 0.34

Pregnant 0.83+0.06 0.085+0.07 <0.0001
LR Non-pregnant 1.00+0.09 1.00+0.46 1.00

P value <0.0001 <0.0001

Total 2.21+0.72 2.58+1.19 <0.001

Pregnant 2.1+0.44 2.58+0.92 <0.001
RUPI

Non-pregnant 2.29+0.85 2.34+1.59 0.762

P value 0.065 0.221

Total 2.35+0.96 2.61x1.15 <0.001

Pregnant 2.59+0.29 2.93+0.45 <0.0001
Lo Non-pregnant 2.38+0.11 2.73+1.27 0.003

P value <0.0001 0.175

Note. RURI: Right uterine artery resistive index; LURI: Left uterine artery resistive
index; RUPI: Right uterine artery pulsatility index; LUPI: Left uterine artery
pulsatility index. The values are expressed as means +standard deviations.

the administration of progesterone than in women who
had an unsuccessful pregnancy. After the administration
of progesterone, the LURI was significantly lower in
women who had a successful pregnancy than women with
an unsuccessful pregnancy.

Another investigated factor in the present study was
LUPI and RUPI. There was a significant increase in RUPI
values after progesterone administration. This value was
not significant in women who had a successful pregnancy
before and after the administration of progesterone than in
women who had an unsuccessful pregnancy. In the LUPI
examination, a significant difference was observed in the
LUPI values after progesterone administration. This value
was significantly higher in women who had a successful
pregnancy before the administration of progesterone than

in women who had an unsuccessful pregnancy. After the
administration of progesterone, the LUPI in women who
had a successful pregnancy was not significantly higher
than women with an unsuccessful pregnancy (Figure 4).

Discussion

Our findings revealed that among women who underwent
IVF, endometrial thickness could be associated with
pregnancy outcomes. Additionally, there were significant
differences between those who became or did not become
pregnant in terms of endometrial vascularity following
the administration of progesterone. These findings can
help radiologists and gynecologists predict the outcomes
of IVF through less invasive procedures. By evaluating the
grayscale and Doppler characteristics of the endometrium,
clinicians can have a predicting insight into the outcome
of fertilization and might modify some of the involved
factors by using special pharmaceutical agents to improve
the final success rate. These methods prevent invasive
procedures such as endometrial biopsy and hysteroscopy.
Ifendometrial progesterone resistance is found, increasing
the amount or duration of progesterone administration
might be helpful. Reducing estrogen and altering the
estrogen-progesterone ratio may also be beneficial. An
alternative that may prove useful is the substitution
of hormonal preparations in the cycle with natural or
modified natural cycles. Further evaluation is needed to
determine the effectiveness of these potential changes.

In our study, it was found that younger women had a
higher chance of becoming pregnant than middle-aged
women. In this context, a systematic review and meta-
analysis of 11335 euploid embryo transfers showed
that women under the age of 35 have a higher risk of
pregnancy or live birth rate.”” From a genetic perspective,
the aneuploidy rate substantially increases in women
after the age of 35 years, and the chance of generating
a chromosomally normal blastocyst decreases with
advancing age.’ This may be attributed to decreased
ovarian reserve and reduced oocyte/embryo viability,
which are affected by factors such as spindle-assembly
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Figure 4. Left Uterine Artery Pulsed Doppler Investigation Before (A) and After (B) Progesterone Administration Showing a Decrease in Resistance Index and

Pulsatility Index

checkpoint laxity, telomere shortening, and impaired
mitochondrial activity, all of which play an important
role in chromosome segregation and embryo competence
modulation."®

Basedonourfindings,theadministrationof progesterone
was associated with a decrease in endometrial thickness,
and there were significant differences between pregnant
and nonpregnant women. This finding is compatible with
the claim of Kovacs et al on 1228 IVF/intracytoplasmic
sperm injection cycles that the prediction of pregnancy
success with ARTSs is influenced by the threshold size
of the endometrial thickness.” Furthermore, Bu et al
found that endometrial thickness increased or remained
unchanged in most individuals after progesterone was
started, and individuals with increased endometrial
thickness had better pregnancy outcomes.”® A meta-
analysis of 22 studies revealed significantly lower odds
(58%) of clinical pregnancy in women with an endometrial
thickness<7 mm than in those with an endometrial
thickness>7 mm.* The reasons for this finding are under
investigation by Casper. When the endometrial thickness
is <7 mm, the functional layer is thin or missing, making
embryo implantation adjacent to the spiral vessels and
higher vascular distribution and oxygen levels of the basal
endometrium. Increased oxygen levels in the basal layer
may cause damage compared to low oxygen levels at the
endometrial surface.”

Our results also demonstrated that endometrial
thickness before and after progesterone in the pregnancy
positive group was significantly greater than in the
pregnancy negative group. This observation is in line
with the findings of a study by Zhao et al, confirming
that women with an endometrial thickness>14 mm had
significantly greater implantation and pregnancy success
rates than those with an endometrial thickness of 7-14
mm or<7 mm, indicating that endometrial thickness
independently affects pregnancy outcomes.” In this
regard, transvaginal ultrasound revealed that the clear
three-layer view was the most common view, which was

significantly different between the groups.

There are several possible explanations for these
observations. Poor progesterone response may be due
to insufficient progesterone effects. One of these reasons
may be that some women with infertility have endometrial
progesterone receptor deficiency or resistance. There are
multiple causes for resistance to the progesterone receptor,
including the overexpression of BCL-6 and SIRT-1,*
prolonged endometrial inflammation, polymorphisms
of the progesterone receptor gene, changed microRNA
expression, and progesterone receptor epigenetic
modifications.”?

Numerous studies, however, have reported that
the thickness or volume of the endometrium is not a
dependable indicator of successful pregnancy outcomes
in ARTs. Accordingly, Yaman et al concluded that
endometrial volume and thickness do not predict
pregnancy.” However, it should be noted that they
used a three-dimensional ultrasonographic method and
included a small sample size of only 65 women.? Similarly,
Barker et al showed that the endometrial thickness before
and after taking progesterone did not affect the rate of
pregnancy success.”® Kim et al also found that endometrial
thickness was not related to pregnancy success or failure
among pregnant individuals compared to nonpregnant
women.”” Another clinical study on 70 infertile women
revealed that endometrial thickness was not a predictor
of pregnancy outcomes in FET cycles.*® Notably, most
studies were conducted on small samples and not in
recent years. Therefore, future large-scale clinical trials
and meta-analyses might be necessary to determine the
role of endometrial thickness and the relevant cutoft
for predicting the rate of pregnancy outcomes. In this
context, Haas et al performed a study on 274 FET cycles
(2017-2018) and showed that changes in endometrial
thickness at the end of the estrogen phase and the day
of embryo transfer were inversely related to the rate of
pregnancy success, and greater endometrial compaction
was associated with higher pregnancy success rates.’' It
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seems that many studies investigating the relationship
between endometrial thickness and pregnancy success
have reported conflicting results, which may be due to the
different situations of these studies.

Based on these results, it can be assumed that the
estrogen-progesterone ratio is important, and excess
estrogen effect leads to endometrial growth. This
prediction may also explain why implantation and
pregnancy rates are lower with fresh hyper-stimulated
IVF than with subsequent FET. Elevated estrogen levels
beyond physiological norms during certain cycles may
disrupt the typical estrogen-progesterone equilibrium
within the endometrium, resulting in an inability to
achieve proper endometrial thinning. Accordingly, we
believe that this is an area for future research.

Before the use of progesterone, there was no significant
difference between the two groups of women with
successful and unsuccessful pregnancies in terms
of endometrial appearance. Conversely, after the
administration of progesterone, there was a significant
difference between the two groups in terms of endometrial
appearance, so that in women with successful pregnancy,
there were clear three layers. However, in women whose
pregnancy was unsuccessful, the non-layered form was
predominant, which conforms to the findings of Yang et
al, confirming that the three-line endometrial pattern has
a significantly greater clinical pregnancy rate.’* Another
study also reported that the triple line pattern, which has
a central hyperechoic line surrounded by two hypoechoic
layers, is associated with a significantly greater pregnancy
rate than an intermediate isoecho pattern, with a
reflectivity similar to that of the adjacent myometrium
and a vaguely defined central echogenic line, as well as
a pattern of having a homogeneous, hyperechogenic
endometrium.”? A triple-line pattern of endometrium
reflects its proliferation, and such a pattern has been
shown to be more associated with pregnancy than the
absence of this pattern on the day of hCG injection. The
lack of a triple-line pattern could indicate the onset of
early endometrial secretory alterations and the passage of
the period of maximum endometrial receptivity.*

The conflicting results of these researchers may be in
part due to differences in experimental and stimulation
methods, heterogeneity between studies, and differences
in measurement methods. Most studies examined
endometrial thickness and appearance at or after hCG
injection and on the day of oocyte retrieval, while other
studies evaluated the endometrium on the day of embryo
transfer, and even fewer studies assessed endometrial
changes on both the days of hCG injection and embryo
transfer. Therefore, the favorable timing of endometrial
assessment remains undisclosed.

In our study, significant changes were observed
in endometrial zone III vascularity before and after
progesterone  application. Following progesterone
administration, there was a significant decrease in
multifocality and an increase in sparsity in zone III, and

multifocality was significantly higher in those who became
pregnant than in those who did not. In this context, Chien
et al also reported that the presence of endometrial-
subendometrial blood flow, assessed by transvaginal
color Doppler, was associated with the implantation
rate and pregnancy. In addition, in the presence of
blood flow, pregnancy was 5.9 times more common.™
In another study designed to establish a scoring system
for endometrial receptivity, the central echo of the
endometrium exhibited variations between the groups of
individuals who were pregnant and those who were not.
However, other factors, such as endometrial blood flow,
did not significantly differ between the two groups.®

The findings of the study by Kim et al corroborate
our results regarding uterine artery RI and PI. They
concluded that the PI and RI were not associated with
pregnancy outcomes.” Similarly, Son et al found that
the RI and PI were not significantly associated with
pregnancy outcomes in FET cycles.”® However, another
study on 169 infertile women demonstrated that although
there was no significant difference between RI, PI, and
implantation at baseline, there was a large difference
between the groups in the duration of ovarian stimulation
and on trigger day.** A comprehensive review and meta-
analysis of cohort studies revealed no notable differences
in PI or RI when comparing pregnant and non-pregnant
populations.”

During the menstrual cycle, there was a decrease in
the endometrial artery resistance from the follicular to
the mid-luteal phase, and this reduction in resistance
continued in the case of fertilization. However, this change
did not occur during ART. Drugs, prior pathologies
related to the reproductive system of infertile women, and
the supraphysiologic estrogen in the blood may disturb
the vasculature of the endometrium. Hence, endometrial
and sub-endometrial blood flow appears to be lower in
ART than in natural cycles.”®

The discrepancies found in the literature seem to stem
from variations in cycle features, stimulation techniques,
transfer cycle types, and the timing of ultrasound during
the cycle. More studies are required to explore the impacts
of uterine artery Doppler and endometrial perfusion on
different aspects influencing fertility. The small number of
patients in this study prevented a reasonable comparison
of some infertility groups.

Study Limitations

Although large-scale studies have been conducted,** this
is one of the studies on a small population of Northwest
Iran. Nonetheless, this study had some limitations. First,
this was a cross-sectional study with survey data, so there
was a possibility of selection bias. Considering that we
did not use a random sampling method, there was likely
potential sampling bias. Second, it was conducted on
a relatively small sample from a specific population in
Iran, so the findings cannot be generalized to other races/
ethnicities and populations. Third, some confounding
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factors, such as race/ethnicity and paternal age, were not
included since this was a retrospective study. Fourth, we
only evaluated the outcomes as to whether pregnancy
occurred, while other neonatal and pregnancy outcomes
were not investigated in the present study. These
limitations may affect the fertility success rate, and the
results might not be generalized to other populations.
Future studies can use these limitations and address them
by expanding the study population to other ethnicities
and a greater number of cases and making more inclusive
changes to their methods.

Conclusion

Endometrial thickness and vascularity were significantly
associated with pregnancy outcomes in those who
underwent IVF. Additionally, Doppler and transvaginal
ultrasound indices can be helpful markers for predicting
the outcomes of IVF. However, the study had a relatively
small sample size, and it is recommended that further
large-scale observational studies be conducted using
previously defined and novel or revised radiological
indices for the prediction of IVF outcomes.
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